1. Introduction
===============

Neurosyphilis is a chronic central nervous system (CNS) disease caused by the bacteria, *Treponema pallidum*. Although the incidence of syphilis is not as high as other sexually transmitted diseases, there are still a large number of cases noted worldwide. For example, in 2012, there were an estimated 5.6 million new cases globally, with many of these in lower, or lower- to middle-income economies.^\[[@R1]\]^ What makes this case so striking is the rarity of neurosyphilis coexisting with pial arteriovenous fistulae (PAVF). In this report, we present a patient with both neurosyphilis and PAVF. To the best of our knowledge, there has been no such case reported previously. Written informed consent was acquired for the publication of this case report.

2. Case report
==============

A 66-year-old male was admitted to a neurology department with a 6-month history of affective disorder, hypomnesia, and convulsions. A physical examination revealed a twitching muscle on the left hand side of his face, his mouth tilted to the left, and a weakness in the muscles of the left lower limb. He had a history of brain atrophy and multiple lacunar infarctions, which improved with medicine (details unknown).

A computed tomography (CT) scan revealed cerebral swelling in the right temporal occipital lobe, but no hemorrhage (Fig. [1](#F1){ref-type="fig"}). T2-weighted, fluid-attenuated inversion recovery (FLAIR) and diffusion-weighted (DWI) magnetic resonance imaging showed band-like hyperintense signaling in the cortex/subcortex of the right hemisphere (Fig. [2](#F2){ref-type="fig"}). Multiple patchy abnormal signals were seen in the centrum semiovale and periventricular regions (hyperintense signals on T2 and FLAIR, hypointense signals on DWI). Subsequent CT perfusion imaging revealed that perfusion of the right hemisphere was significantly higher than the contralateral hemisphere (Fig. [3](#F3){ref-type="fig"}). CT angiography revealed a PAVF in the same region (Fig. [4](#F4){ref-type="fig"}). A lumbar puncture revealed high levels of protein (1.347 g/L), and an elevated leukocyte count (23 × 10^6^cells/L) in the cerebrospinal fluid (CSF). *T pallidum* hemagglutination assay for syphilis was positive in the patient\'s blood and CSF.

![Brain computed tomography showed that the volume of the right temporal occipital lobe (pentacle) increased and the sulcus in the corresponding area became shallow and disappeared.](medi-98-e17770-g001){#F1}

![Computed tomography angiography revealed that the feeding artery of the pial arteriovenous fistula (PAVF) was one of the branches of the right middle cerebral artery (virtual arrow). The draining vein (solid arrow) thickened and converged into the superior sagittal sinus. The feeding artery communicated directly with the draining vein (circle area).](medi-98-e17770-g002){#F2}

![Computed tomography perfusion imaging reflected that the cerebal blood volume of the right temporal occipital lobe was significantly higher than that of the contralateral side.](medi-98-e17770-g003){#F3}

![Diffusion-weighted imaging (DWI) showed multiple regions of the cortical/subcortex displayed hyperintensity in the right hemisphere (arrow).](medi-98-e17770-g004){#F4}

Based on the clinical presentation, and results from subsequent neuroimaging and laboratory tests, a diagnosis of neurosyphilis with coexisting PAVF was made, and high-dose penicillin was administered. To prevent a Jarisch-Herxheimer reaction, dexamethasone was administered simultaneously. Before that, treatments for symptoms, such as diazepam, were used for convulsions. After subsequent 1 week of antibiotic treatment, the frequency of convulsions decreased significantly, the muscle strength was also beginning to recover. The patient requested outpatient treatment and refused additional testing. During the next 6 months of telephone follow-up, there was no intracranial hemorrhage, the most common complications of PAVF.

3. Discussion
=============

Neurosyphilis may present at any stage following syphilis infection. It is thought to occur because of the invasion of the CNS by *T pallidum*, and the associated immune response. Invasion of the CNS by *T pallidum* can lead to lesions in the meninges, cerebrovasculature, and spinal cord. The invasion of the meninges results in the infiltration of lymphocytes, as part of the immune response. Invasion of the larger blood vessels leads to necrosis of the tunica media and proliferation of the tunica intima of the vessel walls. These are common characteristics of endarteritis obliterans of the medium and large vessels, and are considered to be typical lesions seen in neurosyphilis. Invasion of brain parenchyma leads to disruption of the architecture of the cerebral cortex, neuronal loss, and proliferation of astrocytes and microglia.^\[[@R2]\]^ Because of the extensive invasiveness of *T pallidum*, the clinical manifestations of neurosyphilis are diverse, and the symptoms are nonspecific, consisting of many symptoms and signs also seen in other neurological disorders.^\[[@R3]\]^

Many signs of neurosyphilis can be detected by imaging, owing to its complicated pathophysiology. Meningeal involvement may present as leptomeningeal thickening, leptomeningeal enhancement, and signal abnormalities. Signs of vascular involvement can be seen directly, such as stenosis and occlusion, and indirectly, such as cerebral infarction. Involvement of the brain parenchyma can manifest as brain atrophy, brain swelling, cerebral infarction, white matter lesions,^\[[@R4]\]^ and cerebral syphilitic gumma.^\[[@R5]\]^ This case presented with cerebral infarction, brain swelling, multiple cortical/subcortical regions of band-like hyperintensity, increased perfusion of the right hemisphere, and PAVF. Each of these findings could have arisen from another source; however, these were deemed unlikely because of a positive hemagglutination assay, confirming syphilis infection.

PAVF is a rare vascular malformation that differs from arteriovenous malformations (AVM) and from dural arteriovenous fistulas (DAVFs). PAVF is characterized by an arterial feeding vessel from pial or cortical arteries, and a large, lobulated venous varix or aneurysm. Where they differ from AVM is that PAVFs lack a true nidus. They differ from DAVF in that DAVF are fed by branches of meningeal arteries, and are located in the dura, rather than in the brain parenchyma, which is where PAVFs are found. The pathophysiological mechanism of PAVF is still unclear. It can result from trauma, previous surgery, or may be congenital.^\[[@R6]\]^ Embryonic cerebrovascular dysplasia may also be related to the formation of PAVF.^\[[@R7]\]^ In addition, it can also appear in patients as part of Rendu-Osler-Weber or Ehler Danlos syndromes.^\[[@R8]\]^ Our patient had no history of craniocerebral trauma or surgery, and no family history or clinical features of Rendu-Osler-Weber, or Ehler Danlos, syndrome. However, this patient was also diagnosed with neurosyphilis, so it is possible that the blood vessels became infected with *T pallidum*, causing vascular wall damage. Therefore, we speculated that *T pallidum* may be have been related to the formation of PAVF.

The pathogenesis of PAVF is unclear because of its rarity. By definition, there are no capillaries between the feeding artery and the draining vein of PAVF. The absence of capillary channels permits a low resistance to blood flow from the artery to the vein.^\[[@R9]\]^ This abnormal flow of blood results in progressive dilatation of both the feeding artery and the draining vein. Over time, abnormal hemodynamic stresses on the walls of the blood vessels may cause chronic endothelial alterations, leading to the destruction of the internal elastic lamina, increased endothelial permeability, and proliferation in the tunica intima.^\[[@R10]\]^ Therefore, with the development of PAVF, other adverse consequences may have occurred, such as vasogenic edema^\[[@R10]\]^ or hemorrhage.^\[[@R11],[@R12]\]^ Around the PAVF, there was no definite hemorrhage seen in the CT scan, but vasogenic edema was found in the DWI of our patient. It is difficult, however, to determine whether this edema was caused by neurosyphilis or PAVF.

When reviewing the literature, it is clear that conservative treatment of PAVF is associated with a poor prognosis. Nevertheless, in our patient, *T pallidum* may have also caused damage to the vascular wall, which could have accelerated the progression of PAVF. Previous studies have shown that PAVF can be successfully treated through closure of the shunt by endovascular^\[[@R13],[@R14]\]^ or surgical means.^\[[@R15]\]^ Unfortunately, the patient chose to leave the hospital and refused further imaging, in spite of the fact that our team strongly emphasized the seriousness of the disease to him.

In summary, this report shows that an additional complication of neurosyphilis may be PAVF, which has not previously been reported in the literature. It is important to note when analyzing images of brain edema, infectious lesions may not be the only cause, and that vascular abnormalities may also exist. The information gathered through this report is limited because of the poor adherence of the patient, and also because of a lack of follow-up after discharge. In light of this, we don't know the exact course or final outcome of the patient.

4. Conclusion
=============

Neurosyphilis complicated with PAVF is quite rare. Our observations of concurrent disease suggest that there may be a link between the two; however, further investigation would be required to assess the accuracy of this theory.
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